Accurate assessment of spatio-temporal variations of consumptive water use (CWU) in large irrigation schemes is crucial for several hydrological applications. This study is designed to evaluate the impact of climate change on CWU in the Lower Chenab Canal (LCC) irrigation scheme of the Indus basin irrigation system of Pakistan. A distributed hydrological model, the soil and water assessment tool (SWAT), was spatially calibrated (2005)(2006)(2007)(2008)(2009)) and validated (2010-2012) for monthly CWU. The estimated CWU using the SWAT model showed promising results (the coefficient of
INTRODUCTION
Climate change is one of the central driving forces affecting food and water resources at global scale (Brown & Funk ; Godfray et al. ; Yang et al. ) . With increasing interest towards climate change adaption, there is a strong need to increase crop productions, specifically with limited water resources, in order to meet the current increasing food demands (Emam et al. ) . On the other hand, the identification of climate change hotspots are also required for mitigating the adverse impacts of climate change on crop production (Yang et al. ) . Understanding the spatio-temporal patterns of consumptive water use (CWU) is one of the most suitable options for formulating the optimal water allocation plans with available water resources under changing climate (Liaqat et al. ; Azmat et al. ) .
CWU is generally known as the water footprint or virtual water content in the form of actual evapotranspiration (ET a ) (Eriyagama et al. ) . CWU is a key component for simulating hydrological cycles and scheduling irrigation water demands in the agricultural fields. It is known as a complex physical process of land atmosphere interaction which is normally influenced by various hydrometrological conditions such as solar radiation, and land surface characteristics (Allen et al. ) . The complex eco-estimate CWU accurately. Knowledge of accurate CWU at the regional scale requires detailed information on various composite elements such as cropping patterns, climatic parameters, hydraulic properties of underlying soils and irrigation practices (Gowda et al. ; Li et al. ) . The accurate assessment of these composite elements is of paramount importance as these parameters vary significantly both in space and time for large irrigation schemes. (Liaqat et al. ) . In past decades, substantial efforts have been made to retrieve CWU primarily from remote sensing datasets at various spatio-temporal scales. The major benefit of remote sensing based methods is that the CWU can be derived directly as a residual of energy balance which excludes the need of quantification of other complex hydrological processes (Byun et al.  Surface Energy Balance Algorithm (SEBAL) was also used to estimate ET a in order to calibrate and validate the SWAT model. The outcomes of this study will provide guidelines to the policy makers in the region to maximize crop production based on detailed information of CWU both in time and space and to formulate sustainable policy in view of the given future impact of climate change on CWU.
MATERIAL AND METHODS

Study area
We selected the LCC irrigation scheme for the current study. 
where SW t is the soil water content at time t (mm), SW 0 is the initial soil water content on day i (mm), t is the time (days), Q g is the return flow on day i (mm), W is the water entering the vadose zone from the soil profile on day i 
Analytical framework of SWAT model
A good controlling scheme is always essential to obtain accurate simulations from SWAT at the field to regional
scale. An analytical framework of SWAT model application for the estimation of CWU is shown in Figure 2 . This generally includes the acquisition of quality controlled datasets including pre-processing and final input data preparation according to SWAT model setup.
The basic datasets requirement for SWAT includes information on surface topography, soil features, LULC classification, meteorological parameters and stream flow series (Table 1) validate the results. Figure 3(b) shows that the intercept value (0.83) between model estimations is slightly decreased compared to those obtained during the calibration (Figure 3 puts of the SEBAL model (Long & Singh ) . This could be one of the reasons for slightly contrasting seasonal results from both SWAT and SEBAL models in the current study.
RESULTS AND DISCUSSION
The obtained difference (PBIAS 5.2%) between SWAT and SEBAL simulations for the entire period was within the allowable limit of ±15% as described above ( The effects of these remaining variables were not examined in this study due to lack of availability of a quality dataset. 
Spatio-temporal variations in CWU for entire LCC irrigation scheme
The spatial distribution of annual CWU with mean annual averages and standard deviations were mapped for entire LCC irrigation scheme during both the calibration and validation periods ( Figure 5 ). Spatial variations of CWU in LCC ranged from less than 400 mm annum -1 to more than 1,100 mm year -1 . The low mean CWU values ranging from 786 to 856 mm year -1 depicted that relatively drier conditions were more prevalent during the initial period Figure 1) , which have high proximity to surface water, showed high CWU values. This was because the high water demanding crops such as rice paddy and (Awan & Ismaeel ) . In order to determine the future impacts of climate change on CWU in this study, the SWAT model was also implemented by using future scenario simulations of rainfall and air temperature from 2013
to 2020 while other variables in SWAT parameterization were kept similar as used during the calibration and validation period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) The correlation of CWU with rainfall and air temperature for the base period showed that the CWU is significantly controlled by rainfall during the Rabi season, whereas temperature has a significant impact on CWU during the Kharif season. Moreover, CWU varies in space with the lowest and highest values of 400 mm year -1 and 1,100 mm year -1 at the tail and head end reaches of the 
